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A B S T R A C T   

Introduction: Binge eating disorder (BED) is a common psychiatric diagnosis characterized by the presence of 
episodes of loss of control over food consumption. Understanding the neurocognitive factors associated with 
binge eating pathology might help to design clinical strategies aimed at preventing or treating BED. However, 
results in the field are notably heterogeneous. In the current study, we aimed to establish whether binge eating 
behaviors (both at a clinical and at a non-clinical level) are associated with executive functions. 
Methods: We performed a pre-registered meta-analysis to examine the link between executive functions, BED, and 
uncontrolled eating, a psychobiological construct closely associated with binge eating behaviors. Articles were 
searched on PubMed and the main exclusion criteria were lack of information about participants’ age or sex 
distribution or adiposity measurements, studies performed in older populations (age > 65 years old) or studies 
including participants with purging symptoms. 
Results: Relative to healthy controls, patients with BED showed lower performance in executive functions, with a 
small effect size. At the same time, uncontrolled eating patterns were not associated with differences in executive 
functions. Neither age nor body mass index (BMI) influenced these results. 
Conclusions: Our findings suggest that there is no association between performance in executive functions and 
variations along the non-clinical spectrum of binge eating behaviors. Small deficits in executive functions, 
however, seem to appear in individuals showing severe binge eating symptoms, that is, individuals meeting 
diagnostic criteria for BED. We speculate that the close links between BED and emotional distress could partly 
explain these results.   

1. Introduction 

During their lifetime, around 1.9% of individuals will develop binge 
eating disorder (BED) (Kessler et al., 2013), the most common eating 
disorder among adults (Udo & Grilo, 2018). BED is characterized by the 
repeated occurrence of episodes of loss of control over food consumption 
without purging behaviors (Diagnostic and Statistical Manual of Mental 
Disorders, 2013). Moreover, it has a major burden on mental and 
physical health, since it is commonly associated with mood disorders, 
such as major depressive disorder, as well as cardiometabolic problems, 
such as diabetes, obesity, and hypertension (de Zwaan, 2001; Udo & 
Grilo, 2019). A better understanding of the neurocognitive factors 
associated with BED might contribute to future clinical strategies aimed 

at preventing or treating pathological overeating. 
Executive functions are some of the most relevant neurocognitive 

factors. They can be defined as a group of top-down cognitive processes 
needed to achieve goal-directed behavior (Diamond, 2013). It is 
generally accepted that working memory, inhibitory control, and 
cognitive flexibility are core facets of executive functions (Diamond, 
2013). However, executive functions can also refer to other high-order 
processes such as decision making, planning, or response to feedback 
(Sachdev et al., 2014). Some studies have reported that patients with 
BED show impairments in different subdomains of executive functions. 
For example, relative to healthy controls, individuals with BED seem to 
show lower performance in working memory (Eneva et al., 2017), 
inhibitory control (Manasse, Goldstein, et al., 2016), and decision 
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E-mail addresses: majurado@ub.edu (M.Á. Jurado), isabel.garciagarcia@ub.edu (I. García-García).  

Contents lists available at ScienceDirect 

Addictive Behaviors Reports 

journal homepage: www.elsevier.com/locate/abrep 

https://doi.org/10.1016/j.abrep.2020.100337 
Received 8 July 2020; Received in revised form 12 November 2020; Accepted 27 December 2020   

mailto:majurado@ub.edu
mailto:isabel.garciagarcia@ub.edu
www.sciencedirect.com/science/journal/23528532
https://www.elsevier.com/locate/abrep
https://doi.org/10.1016/j.abrep.2020.100337
https://doi.org/10.1016/j.abrep.2020.100337
https://doi.org/10.1016/j.abrep.2020.100337
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abrep.2020.100337&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Addictive Behaviors Reports 13 (2021) 100337

2

making tasks (Voon et al., 2014). Along similar lines, neuroimaging 
studies have suggested the existence of frontostriatal alterations in BED 
(Kessler et al., 2016), which could relate to the cognitive difficulties 
observed in these patients. It has been suggested that deficits in execu
tive function, specifically in inhibitory control, might predict poorer 
treatment outcomes in BED (Manasse, Espel, et al., 2016). This indicates 
the possibility that cognitive performance in BED might have some 
prognostic value. However, both behavioral and neuroimaging results in 
BED and compulsive eating are notably heterogeneous, which makes it 
difficult to conclude on the role of neurocognitive processes underlying 
binge eating behaviors (García-García et al., 2020; Kakoschke et al., 
2019). The use of small sample sizes along with the possibly inadequate 
control of potential confounding effects, such as obesity, are common 
limitations among the studies. Moreover, as it is often the case in psy
chological studies, significant results might get more impact and greater 
visibility than negative results. For these reasons, an objective evalua
tion of the literature is needed in order to establish whether or not binge 
eating is associated with deficits in executive function. 

Binge eating can occur as a continuum of increased uncontrolled 
eating behaviors in non-clinical populations. This notion is in line with 
the NIMH Research Domain Criteria (RdoC) initiative, which concep
tualizes psychopathological disorders as extremes on psychobiological 
dimensions (Kozak & Cuthbert, 2016). This way, BED could be regarded 
as the higher end of a spectrum in uncontrolled eating (Vainik et al., 
2019). The concept of uncontrolled eating arises from the observation 
that several eating traits, such as lack of control over eating, compulsive 
eating, reward-related eating, or lack of satiety, are strongly correlated 
with each other (Vainik et al., 2015). This suggests that they might, in 
fact, be part of a single broader phenotype (Vainik et al., 2015, 2019). As 
such, here we use the term uncontrolled eating to study binge eating 
traits in non-clinical populations. 

Previous meta-analyses have addressed differences in inhibitory 
control performance in obese participants with and without clinical BED 
(Lavagnino et al., 2016) and have examined executive functions in pa
tients with BED (Cury et al., 2020). However, a comprehensive char
acterization of executive functions and binge eating in both clinical and 
non-clinical populations is currently missing. To address this gap, we 
have performed two meta-analyses. In the first one, we examined studies 
analyzing group differences between patients with BED and healthy 
controls in executive functions. This first meta-analysis adopts a 0 vs. 1 
diagnostic approach to binge eating. In the second meta-analysis, we 
examined papers testing for the relation between uncontrolled eating 
patterns and performance in executive functions; following a continuous 
characterization of binge eating patterns in non-clinical populations. We 
hypothesized that, relative to healthy control participants, patients with 
BED would show consistent alterations in executive functions across 
studies. Likewise, we hypothesized that higher scores in uncontrolled 
eating behaviors would be correlated with lower performance in exec
utive functions. 

2. Methods 

2.1. Meta-analysis design 

Prior to conducting the data search, we preregistered our design and 
analysis plans in Open Science Framework: https://osf.io/trn4b. 

We present the results of two separate meta-analyses, which were 
performed according to the principles of the PRISMA-Statement (Lib
erati et al., 2009):  

(i) Meta-analysis 1: we included studies examining group differences 
between BED patients and healthy controls in executive 
functions.  

(ii) Meta-analysis 2: we included studies examining the relationship 
between uncontrolled eating patterns and executive functions. 

We included peer-reviewed studies written in English and published 
until May 31st 2020. APC and IGG performed the literature search 
independently using PubMed, and the results were cross-validated. 
Whenever we detected a sample overlap, we included the study with 
the highest sample size. We used the following keywords to perform the 
literature search:  

a) Terms that are related to executive functions (in both meta-analyses): 
i.e., executive function, working memory, planning, decision mak
ing, inhibition, task-switching, cognitive control, and flexibility.  

b) Binge eating disorder (meta-analysis 1).  
c) Terms that are related to uncontrolled eating (meta-analysis 2): i.e., 

uncontrolled eating, binge eating, disinhibited eating, emotional 
eating, external eating, food addiction, food craving, hedonic hun
ger, loss of control over eating, and compulsive eating (Vainik et al., 
2015). 

Exclusion criteria were:  

a. Studies that do not report adiposity measurements (such as body 
mass index (BMI), waist circumference, or body fat percentage). We 
did so since obesity might be a major confound on neurocognitive 
studies of BED. For instance, individuals with obesity show a high 
prevalence of binge eating symptoms (de Zwaan, 2001), and previ
ous studies have related obesity with subtle differences in executive 
function performance (Yang et al., 2018).  

b. Studies that do not report participants’ age or sex distribution, and 
studies performed in older populations (age > 65 years old), in order 
to avoid age-related effects.  

c. Studies including participants with recurrent purging symptoms, 
which might be indicative of bulimia nervosa. 

Fig. 1 presents an overview of the data selection process. We 
included the following variables in the meta-analyses:  

a) Meta-analysis 1: we collected average scores and standard deviations 
in executive functions, as well as sample size in participants with 
BED and in control participants and we calculated their effect size 
(Cohen’s d). If a study reported more than one score in executive 
functions, we calculated the average effect size of all its scores.  

b) Meta-analysis 2: we collected correlation coefficients (bivariate and 
partial) and sample size. Some papers reported correlations between 
executive functions and several variables reflecting uncontrolled 
eating. When this was the case, an average of all correlation values 
was entered in the meta-analysis. 

Negative effect sizes reflect (a) a worse performance in patients with 
BED relative to control participants (meta-analysis 1), and (b) that high 
scores in uncontrolled eating are associated with lower performance in 
executive functions (meta-analysis 2). We inverted the effect size of 
those measures for which higher scores denote lower cognitive perfor
mance (e.g., in the case of perseverative errors of the Wisconsin Card 
Sorting Test or B-A scores of the Trail Making Test). 

We performed the analyses using Meta-Essentials (Suurmond et al., 
2017). First, we entered effect sizes into the meta-analyses using a 
random effects model and calculated an overall effect size for all the 
studies. The average effect size was calculated for those studies report
ing more than one effect size. Heterogeneity across studies was exam
ined using the index I2, which calculates the percentage of variation 
across studies that is an effect of heterogeneity rather than chance 
(Higgins et al., 2003). Rough thresholds for the interpretation are sug
gested to be around 25% for low, 50% for moderate, and 75% for high 
heterogeneity (Higgins et al., 2003). We also tested for the possible 
presence of publication bias by examining the funnel plot and Egger test. 
Using moderator analyses, we also tested for the possible effects of age 
and BMI on the results. 
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The three main subdomains of executive functions were examined 
separately: (i) inhibitory control, (ii) working memory, and (iii) cogni
tive flexibility (Diamond, 2013). To do so, we performed additional sub- 
meta-analyses whenever the number of studies available for each of 
these subdomains was large enough. The minimum number of studies 
set to perform these sub-meta-analyses was 10, following the recom
mendations from the Cochrane handbook for meta-analysis (https://tr 
aining.cochrane.org/handbook/current/chapter-10). 

Results were considered significant if p < 0.05 after applying Bon
ferroni correction for each of the analyses performed using the same 
pool of studies. 

2.2. Deviations from the pre-registration protocol 

The pre-registration specified that we would exclude participants 
with neuropsychiatric diseases other than BED. This criterion was 
difficult to meet due to the high comorbidity that BED entails. Moreover, 
we had the feeling that those studies reporting neuropsychiatric 
comorbidities in some patients were also the ones that were particularly 
thorough in screening and reporting participants’ clinical characteris
tics. For these reasons, we decided to include in the meta-analyses papers 
reporting psychiatric comorbidities. A systematic description of the 
comorbidities is included in the results. Additionally, we decided to 
exclude scores from tests using food stimuli to examine performance in 
executive functions (i.e., food-related versions of the Stroop task or the 
Go/No-Go test). We did so in order to avoid the possible confounding 
effects that food processing might involve in executive function per
formance. A similar approach has been followed somewhere else (Emery 
& Levine, 2017). 

3. Results 

3.1. Meta-analysis 1: Executive functions in patients with binge eating 
disorder versus controls 

We included 23 studies with n = 1742 participants (703 patients 
with BED and 1039 control participants). The statistical power of this 
meta-analysis was 90% (Quintana, 2017). A detailed description of the 
studies is provided in Table 1. Supplementary Table 1 provides a 
description of the main tasks and questionnaires used in the included 
studies. The combined effect size (d = − 0.22, corrected P = 0.005) 
indicated that individuals with BED showed lower performance on ex
ecutive functions than control subjects. The effect size obtained was 
small (Fig. 2). The heterogeneity value was I2 = 35.63%, suggesting a 
moderate heterogeneity across studies. A funnel plot and Egger test did 
not provide evidence for publication bias (t = − 1.26, P = 0.22). One 
missing study was detected using the trim-and-fill method (Fig. 3). 
Moderator analysis indicated that neither age (β = 0.2, P > 0.9) nor BMI 
(β = − 0.14, P > 0.9) were associated with the relationship between 
binge eating and executive functions. 

Two additional meta-analyses were performed focusing on the tests 
reflecting inhibition and cognitive flexibility. None of them showed 
statistically significant differences between BED patients and control 
participants. Results are shown in Table 2. 

3.2. Meta-analysis 2: Executive functions and uncontrolled eating in non- 
clinical populations 

We included 9 studies with n = 889 participants. A detailed 
description of the studies is provided in Table 3. One study presented 
separated results for normal-weight and obese participants, which were 

Fig. 1. Flowchart of the selection criteria for the present study.  
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Table 1 
Description of studies included in the first meta-analysis  

Study BED n  
(females) 

Controls n  
(females) 

Pooled age Pooled  
BMI 

Evaluation of psychological comorbidities Outcomes● 
Scale▴ Reported affective symptoms■ Current psychiatric comorbidities 

Aloi et al., 2015 45(45) 45(45) 28.1 27.7 BDI-II S-Diff in depression symptoms between groups. BDI 
score included as covariate. Depression negatively 
correlated with cognitive flexibility 

_ Cognitive Flexibility: WCST (perseverative errors), 
TMT (B-A). 
Inhibition: HSCT(B-A) 
Others: IGT (total net score), RCFT (accuracy) 

Banca et al., 
2016 

32(18) 126(60) 43.22 25.38 BDI-II S-Diff in depression between groups. Results tested 
before and after covarying for depression (no 
differences found) 

_ Cognitive Flexibility: Probabilistic Reversal Task (n◦

of trials to criterion of 4 correct sequential choices, 
reward condition in acquisition phase) 

Bartholdy et al., 
2017 

11(11) 28(28) 25.79 23.96 DASS-21 NS-Diff in depression between groups. Depression 
was not correlated with monetary temporal 
discounting task 

BED group: psychotropic medication 
(n = 1) 

Others: Monetary temporal discounting task (area 
under curve) 

Blume et al., 
2018 

42(30) 23(17) 38.95 42.35 PHQ-9 S-Diff in depression symptoms between groups. No 
further control 

_ Cognitive Flexibility: WCST (perseverative errors) 
Inhibition: GNG (commission errors) 
Others: IGT (total net score), DDT (area under 
curve) 

Córdova et al., 
2017 

18(12) 18(15) 45.1 38.54 _ _ _ Others: IGT (total net score)  

Danner et al., 
2012 

19(19( 48(48) 38.94 29.26 IDS-SR S-Diff in depression symptoms between groups. 
Depression as covariate had no effect on IGT 
performance 

_ Others: IGT (total net score) 

Dingemans et al., 
2019 

25(22) 56(49) 35.5 28.13 BDI-II None-to-mild depressive symptoms in BED group. 
Depressive symptoms were correlated with overall 
neuropsychological inefficiencies 

BED group: psychiatric disorder not 
specified (n = 10) 

Cognitive Flexibility: WCST (perseverative errors), 
TMT (B-A). 
Working Memory: BDS, FDS 
Inhibition: BRIEF-A (behavioral index), Stroop test 
(trial3/trial1) 
Others: RCFT (central coherence), IGT (total net 
score) 

Duchesne et al., 
2010 

38(29) 38(34) 34.35 36.24 _ _ Whole sample: specific phobia (12%), 
generalized anxiety disorder (10%), 
dysthymic disorder (6%), panic 
disorder (9%), agoraphobia (4%), 
social phobia (5%), alcohol abuse/ 
dependence (3%), posttraumatic stress 
disorder (3%), premenstrual 
dysphoric disorder (2%), 
obsessive–compulsive disorder (2%), 
and others (1%) 

Cognitive Flexibility: WCST (perseverative errors), 
TMT-B, BADS Rule Shift Cards (n◦ errors) 
Working Memory: BDS, FDS 
Inhibition: Stroop test (correct answers, color-word 
trial) 
Others: BADS Action Program Test (n◦ stages 
completed), BADS Zoo Map Test (trial 1, n◦ errors), 
BADS Modified Six Elements 

Eneva et al., 
2017 

55(55) 77(77) 32.1 28.4 _ Presence of psychiatric disorders did not 
significantly correlate with performance on any 
executive function measures 

BED group: mood disorder (n = 5), 
anxiety (n = 10) 

Cognitive Flexibility: DKEFS-trail making switching, 
NIH dimensional change card sort 
Working Memory: NIH working memory 
Inhibition: DKEFS color word interference 
inhibition, NIH flanker inhibitory control 
Others: DKEFS verbal fluency, design fluency and 
tower achievement 

Grant & 
Chamberlain, 
2020 

17(11) 17(11) 24.62 32.63 HAM-D, 
HAM-A 

BED group reported subclinical levels of depression 
and anxiety. No further control 

BED group: agoraphobia (n = 2), 
social phobia (n = 1), cannabis use 
disorder (n = 1), antisocial personality 
disorder (n = 1) 

Cognitive Flexibility: IED (total errors, adjusted for 
stages not completed) 
Working Memory: One Touch Stockings of 
Cambridge task (problems solved on first choice), 
Spatial Working Memory Task* (total errors) 
Inhibition: SST (stop-signal reaction time) 
Others: CGT (quality of decision making) 

Kittel et al., 2017 22(18) 44(36) 14.99 85.66* BDI-II S-Diff in depression symptoms between groups. 
Affective symptoms were not correlated with 
neuropsychological test scores 

_ Cognitive Flexibility: CTMT (complex sequencing, T 
values) 
Inhibition: Color-word interference 
Others: IGT (total net score) 

(continued on next page) 
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Table 1 (continued ) 

Study BED n  
(females) 

Controls n  
(females) 

Pooled age Pooled  
BMI 

Evaluation of psychological comorbidities Outcomes● 
Scale▴ Reported affective symptoms■ Current psychiatric comorbidities 

Kollei et al., 
2018 

48(37) 96(65) 38.76 36.32 BDI-II S-Diff in depression between groups. Depressive 
symptoms as covariate. Multivariate effect of 
depression was non-significant 

Whole sample: major depressive 
disorder (n = 17), anxiety disorder (n 
= 24), posttraumatic stress disorder (n 
= 4), obsessive–compulsive disorder 
(n = 2) 

Cognitive Flexibility: IED (total errors) 
Others: CGT (quality of decision making) 

Lee et al., 2017 13(13) 14(14) 23.44 22.9 BDI-II S-Diff in depression and anxiety symptoms between 
groups. No further control 

_ Inhibition: Stroop match-to-sample task (accuracy, 
neutral stimuli) 

Müller et al., 
2014 

34(26) 34(26) 38.35 46.65 PHQ-9 S-Diff in depression between groups. Results tested 
before and after covarying for depression (no 
differences found) 

_ Working Memory: Corsi Block Tapping Test (correct 
answers) 
Others: IGT (total net score) 

Oliva et al., 2019 21(17) 21(16) 24.56 21.79 _ _ _ Inhibition: GNG (reaction time, neutral condition), 
SST (stop-signal reaction time, neutral condition) 

Preuss et al., 
2019 

24(21) 77(66) 37.39 30.34 PHQ-9, 
BDI-II 

S-Diff in depression between groups. No further 
control 

Whole sample: depressive disorder (n 
= 16), anxiety disorder (n = 15), 
borderline personality disorder (n =
5), attention deficit hyperactivity 
disorder (n = 3), skin picking disorder 
(n = 1), substance abuse (n = 1) 

Inhibition: SST (stop-signal reaction time) 
Others: DOT (opened doors) 

Reiter et al., 
2017 

22(16) 22(15) 28.4 27.16 _ _ _ Cognitive Flexibility: TMT-B 
Working Memory: BDS 
Others: Digit- Symbol-Substitution Test, Matrices 
Test 

Rouel et al., 
2016 

70 (58) 28(22) 41.35 39.3 DASS-21 NS-Diff in depression. anxiety and stress symptoms 
between groups 

_ Cognitive Flexibility: WCST (perseverative errors), 
TMT (B-A) 
Working Memory: BDS 
Others: RCFT 

Steward et al., 
2017 

24(24) 80(80) 25.45 25.6 _  _ _ Others: Monetary choice task (delay discounting: k 
overall values) 

Svaldi et al., 
2010 

17(17) 18(18) 40.3 31.72 BDI-II S-Diff in depression symptoms between groups. No 
further control 

BED group: 23.5% major depression, 
17.6% panic disorder with 
agoraphobia, 11.8% social phobia, 
5.9% post-traumatic stress disorder, 
5.9% generalized anxiety disorder, 
5.9% somatization disorder 

Cognitive Flexibility: TMT-proportional score(B-A/ 
A) 

Svaldi, Schmitz, 
et al., 2014 

31(31) 36(36) 43.32 34.15 BDI-II S-Diff in depression symptoms between groups. 
Depression was not correlated with recent-probes 
task 

BED group: affective and anxiety 
disorders were the most prevalent 
comorbidities (n not specified) 

Others: Recent-probes task (accuracy)  

Svaldi, 
Naumann, 
et al., 2014 

31(31) 29(29) 42.88 34.03 BDI-II S-Diff in depression between groups. Depression 
was correlated with response time in all go trials 

Whole sample: major depression (n =
2), dysthymia (n = 1), panic disorder 
(n = 2), social phobia (n = 2), specific 
phobia (n = 2), obsessive compulsive 
disorder (n = 1), post-traumatic stress 
disorder (n = 1), pain disorder (n = 1) 

Inhibition: SST (neutral condition, commission 
errors) 

Wu et al., 2013 54(49) 74(72) 36.63 31.46 BDI-II S-Diff in depression symptoms between groups. 
Results tested with and without BED patients on 
psychotropic medication (no differences found). 
Depression was not correlated with SSRT 

BED group: psychotropic medication 
(n = 19) 

Inhibition: SST (stop-signal reaction time) 
Others: GDT (total net score) 

*BMI Percentile, **BMI z-score. 
▴Scale: DASS-21 = Depression, Anxiety and Stress Scales; BDI-II = Beck Depression Inventory-II; PHQ = Patient Health Questionnaire-Depression Scale; HAM-D = Hamilton Depression Rating Scale ; HAM-A = Hamilton 
Anxiety Rating Scale ; IDS-SR = Inventory for Depressive Symptomatology Self-Rated. 
■Reported affective symptoms: S-Diff = Significant differences; NS-Diff = Nonsignificant differences. 
●Outcomes: BDS = Backward Digit Span; FDS = Forward Digit Span; WCST = Wisconsin Card Sorting Test; TMT = Trail Making Test; RCFT = Rey-Osterrieth Complex Figure Test; IGT = Iowa Gambling Task; DDT = Delay 
Discounting Task; BREIF-A = Behavior Rating Inventory of Executive Function-Adult version; SST = Stop Signal Task; CGT = Cambridge Gambling task; IED = Intra/Extradimensional Set-Shift Task; GNG = Go/No-Go 
task; HSCT = Hayling Sentence Completion Test; GDT = Game of Dice Task; DOT = Door Opening Task. 

A
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introduced into the meta-analysis as two separate studies. As such, the 
final number of independent samples entered in the meta-analysis was 
10. The statistical power of this meta-analysis was 27% (Quintana, 
2017). The meta-analysis results did not point to a significant association 
between uncontrolled eating and executive functions (mean correlation 
value r = -0.09, confidence intervals: − 0.21, 0.03; P = 0.082) (Fig. 4). 
The heterogeneity value in the investigated studies was I2 = 55.98%, 
suggesting a moderate heterogeneity across studies. A funnel plot and 
Egger test did not provide evidence for publication bias (t = − 1.14, P =
0.29). Four missing studies were detected using the trim-and-fill method 
(Fig. 5). The inputs of the two meta-analyses are available here: htt 
ps://osf.io/uznvc/. 

4. Discussion 

In the present study, we explored the relationship between binge 
eating behaviors and executive functions. Accordingly, we performed 
two main meta-analyses to analyze i) group differences between patients 
with BED and healthy controls in executive functions and ii) the rela
tionship between binge eating patterns in non-clinical populations and 
executive functions. In line with our first hypothesis, patients with BED 
showed lower scores on executive functions than control subjects. The 
combined effect size obtained in the first meta-analysis was small (d =
− 0.22). Neither age nor BMI acted as moderators in the results. Two 
additional meta-analyses focusing on inhibition and cognitive flexibility 
in this population were performed, not obtaining statistically significant 
differences between BED and healthy controls. Contrary to our second 
hypothesis, uncontrolled eating was not associated with executive 
functions when examined in non-clinical populations (r = − 0.09). This 
suggests that alterations in executive functions might strongly depend 
on the severity of the binge eating phenotype. That is, individuals with a 
clinical diagnosis of BED seem to show subtle alterations in general 
executive functions. At the same time, executive functions do not differ 
along the spectrum of non-clinical binge eating (i.e., uncontrolled 
eating) patterns. 

Our results suggest that patients with a clinical diagnosis of BED 
show small differences in general executive performance, rather than in 
specific subdomains such as inhibition or cognitive flexibility. Never
theless, the small number of studies available makes it difficult to reli
ably test whether some specific subdomain might be driving these 
results. A previous meta-analysis (Cury et al., 2020) suggested that BED 
patients showed worse performance on working memory tasks relative 
to healthy participants. Unfortunately, there were very few studies 
available to evaluate the subdomain of working memory in an appro
priate manner. 

Patients with BED face psychological comorbidities, including 
depression, anxiety, stress and impulse control difficulties (Udo & Grilo, 

Fig. 2. Effect size (Cohen’s d) and 95% confidence interval for the relationship between BED and executive functions.  

Fig. 3. Publication bias funnel plot of the first meta-analysis. Dots represent 
each study included. 

Table 2 
Additional meta-analysis results   

N Effect size Heterogeneity Publication Bias 
Studies BED/Controls d P value* I2  Egger test P value*  Trim-and-fill missing studies 

Inhibition 12 472/685 − 0.17 >0.9 72.86% T = -0.73 > 0.9 0 
Cognitive flexibility 12 432/589 − 0.21 0.11 40.23% T = -0.69 > 0.9 1 

*Bonferroni corrected. 
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2019). There is a consistent association between BED and emotional 
distress in the literature (Dingemans et al., 2017; Nicholls et al., 2016). 
Mood disorders, such as depression and anxiety, have been linked with 
impairments in executive functions. For example, (Ajilchi & Nejati, 
2017) compared executive functions in healthy volunteers and in
dividuals with depression, anxiety and stress. They reported that, rela
tive to the control group, the three clinical groups showed worse 

performance in memory, inhibition, planning, and flexibility, without 
differences between them. Cognitive deficits in mood disorders, more
over, might persist in remission and even worsen with repeated epi
sodes, as it has been shown in major depressive disorder (Semkovska 
et al., 2019). These close links between binge eating and mood disorders 
make it almost impossible to disentangle whether cognitive differences 
are due to BED or to the emotional distress that this diagnostic entails. 

Table 3 
Description of studies included in the second meta-analysis.  

Study Experimental 
group 
n (females) 

Control 
group 
n 
(females) 

Pooled 
age 

Pooled 
BMI 

Evaluation of psychological comorbidities Eating scale× Outcomes● 
Scale▴ Reported affective 

symptoms■ 
Current 
psychiatric 
comorbidities 

Calvo et al., 
2014 

30(18) 32(17) 21.13 28.77  
_ 

_ _ TFEQ-R18 
(uncontrolled 
eating) 

Inhibition: ANAM4 Go/ 
No-Go task*(reaction 
time) 
Working Memory: 
ANAM4 Running 
Memory Continuous 
Performance Task 
(reaction time) 

Goldschmidt 
et al., 2018 

26(16) 49(28) 10.53 1.60** _ _ _ Child EDE (LOC 
eating frequency) 

Inhibition: BRIEF (T 
scores) Dimensional 
Change Card Sort 
(accuracy and RT), 
Flanker test (accuracy 
and RT) 
Working Memory: List 
Sorting (accuracy) 
Others: IGT (T score), 
TOL (total moves) 

Kelly et al., 
2013 

50(50) 66(66) 19.15 23.86 CES- 
D, 
SAI 

NS-Diff in depression 
and anxiety between 
groups. Results tested 
before and after 
covarying for 
depression and anxiety 
(no differences found) 

_ EDE-Q (total 
number of binge 
episodes) 

Inhibition: CPT-II 
(commission errors) 

Maayan et al., 
2011 

54(34) 37(21) 17.43 32.46 _ _ _ TFEQ 
(disinhibition 
factor) 

Inhibition: Stroop color- 
word score  

Macchi et al., 
2017 

311(179) _  15.7 65.58* _ _ _ DEBQ (emotional 
eating, external 
eating), QEWP-A, 
PFS 

Others: IGT (net score)  

Rodrigue et al., 
2018 

37(29) 33(25) 40.26 47.10 BDI-II, 
STAI 

S-Diff in depression and 
anxiety between 
groups. Depression and 
anxiety were correlated 
with BRIEF scores 

_ YFAS, BES Inhibition: BRIEF 
Behavioral regulation 
Others: BREIF 
Metacognition, D-KEFS 
Tower Test (moves 
accuracy ratio) 

Sims et al., 
2014 

47(27) _  45.7 43.3 BDI-II Depression within the 
sample was relatively 
low. Depression as 
covariate 

_ EBPQ (emotional 
eating) 

Inhibition: Stroop Test 
(interference score), 
WCST (perseverative 
errors) 

Steward et al., 
2018 
(obesity) 

33(33) _ 38.7 42.4 _ _ _ YFAS Inhibition: CPT-II 
(commission errors) 
Others: IGT (total score) 

Steward et al., 
2018 
(normal- 
weight) 

36(36) _ 30.6 21.3 _ _ _ YFAS Inhibition: CPT-II* 
(commission errors) 
Others: IGT (total score) 

Watson & 
Garvey, 2013 

48(32) _  21.63 23.38 _ _ _ DEBQ (emotional 
eating, external 
eating) 

Inhibition: Stroop Test 
(interference score) 

*BMI Percentile, **BMI z-score. 
▴Scale: BDI-II = Beck Depression Inventory-II; PHQ = Patient Health Questionnaire-Depression Scale, STAI = State-Trait Anxiety Inventory, SAI = State Anxiety 
Inventory, CES-D = Center for Epidemiological Studies Depression Scale. 
■Reported affective symptoms: S-Diff = Significant differences; NS-Diff = Nonsignificant differences. 
×Eating scale: TFEQ-R18 = Three-Factor Eating Questionnaire R-18; Child EDE = Child Eating Disorder Examination; EDE-Q = Eating Disorder Examination Self- 
report Questionnaire; DEBQ = Dutch Eating Behaviour Questionnaire; QEWP-A = Questionnaire of Eating and Weight Patterns, Adolescent version; PFS = Power 
of Food Scale; YFAS = Yale Food Addiction Scale; BES = Binge Eating Scale; EBPQ = Eating Behavior Patterns Questionnaire. 
●Outcomes: WCST = Wisconsin Card Sorting Test; IGT = Iowa Gambling Task; BREIF = Behavior Rating Inventory of Executive Function; CPT-II = Conners 
Continuous Performance Test; TOL = Tower of London. 
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The relationship between BED and lower performance in executive 
functions might have clinical implications. Intervention studies have 
applied cognitive control training in order to ameliorate pathological 
eating behaviors (Yang et al., 2019). For instance, some studies have 
shown reductions in binge eating frequency after the completion of 
inhibitory control and strategy planning training programs (Chami 
et al., 2020; Yang et al., 2019). This suggests that cognitive interventions 
based on executive function training might be a promising treatment to 
BED. 

While performing this study, we have identified a number of points 
that remain unanswered and that we hope that they will be addressed in 
the near future. First, future research should examine the different 
subdomains of executive function to have a more holistic view of this 
neurocognitive domain in BED. This is specially so in the case of working 
memory. As aforementioned, very few studies have evaluated differ
ences in working memory with standardized measurements so far. 
Second, studies should examine executive functions in BED patients with 
varying degrees of affective comorbidity. This could help us to obtain a 
more precise cognitive profile of patients with BED and with affective 
symptomatology. Third, the cross-sectional nature of this study does not 
allow us to know if the link between binge eating behaviors and exec
utive functions show different trajectories over time. For instance, it 
would be interesting to know if participants with low executive func
tions might have higher probabilities of suffering from BED. Therefore, 
future studies with longitudinal designs as well as clinical studies are 
needed in order to determine the clinical and prognostic value of ex
ecutive functions in individuals with BED. 

Some limitations of the present study must be highlighted. First, we 
have included some papers reporting psychiatric comorbidities in the 
meta-analysis. Also, few articles included used both behavioral tasks and 

questionnaires to evaluate executive functions. Second, a small number 
of studies were included in the second meta-analysis, and as such, its 
statistical power was limited. Its results should then be considered 
preliminary. Third, we included both bivariate and partial correlations 
in the second meta-analysis. This might be a source of heterogeneity 
across studies, since the original linear models were built with different 
covariates, and they represent a different population parameter (Aloe & 
Thompson, 2013). Fourth, the validity of a meta-analysis depends on the 
quality of the included studies. However, we did not perform a sys
tematic quality assessment of the studies as part of the screening process. 
In this regard, we refer the interested reader to Lavagnino et al., 2016, 
where the authors reviewed and scored studies on inhibitory control in 
obesity and BED according to a modified version of the Newcastle- 
Ottawa Scale for quality assessment. 

5. Conclusions 

The study of neurocognitive characteristics associated with binge 
eating behaviors might guide clinical strategies to prevent and treat BED 
- the most prevalent eating-related psychopathology. The present study 
has focused on executive functions as a possible correlate of binge eating 
and has tested two hypotheses. First, whether patients with BED show 
deficits in executive function performance, relative to control partici
pants. Second, we hypothesized that deficits would be observed at a non- 
clinical level. We examined the correlation between uncontrolled 
eating, a psychobiological construct considered to reflect binge eating 
behaviors, and executive functions in general populations. According to 
our first hypothesis, patients with BED performed worse than controls in 
general executive functions. The magnitude of this difference was small. 
Contrary to our second hypothesis, uncontrolled eating patterns in non- 
clinical populations were not associated with executive functions. As 
such, small deficits in executive functions might be associated with se
vere phenotypes of binge eating. We speculate that the close links be
tween BED and emotional distress might partly explain these cognitive 
deficits. 
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Prunell i Castañé received a PhD scholarship from the Spanish Ministry 
of Science, Innovation and Universities (PRE2019-087430). 

CRediT authorship contribution statement 
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